Background: It has been consistently demonstrated that delusions are related to jumping to conclusions (JTC), a data-gathering bias and potential candidate endophenotype of psychosis. Recent research suggests that JTC may be a marker of treatment response. However, we know little about the factors contributing to the occurrence of this reasoning bias. This study investigated the relationship between JTC and hypothesised deficits in working memory, employing standard well-validated neuropsychological tests, in people with current delusions. Method: One hundred and twenty six people with schizophrenia spectrum psychosis and current delusions were assessed for current symptoms, and tested for JTC. We compared performance on tests of working memory in those with the reasoning bias and those without. Results: As expected, 30-40% of this sample of people with current delusions showed the JTC bias. There were no differences in premorbid IQ between those with and without the JTC reasoning bias. However, the performance of the JTC group was significantly worse on tests of working memory. Conclusions: The JTC data-gathering bias is associated with impairments in working memory. New nonpharmacological interventions for people with delusions, designed to improve data gathering, may benefit from incorporating strategies to overcome deficits in working memory.
1. Introduction
Delusions and jumping to conclusions
Over the last decade, delusions have become a focus of cognitive theories and empirical research and are considered to result from a number of interacting biological, psychological and social factors (Freeman et al., 2002; Kapur, 2003; van der Gaag, 2006; Garety et al., 2007) . One factor highlighted has been reasoning biases (Bentall et al., 2001; Rector and Beck, 2001; Garety et al., 2005; . Delusions have been shown with particular consistency to be associated with reduced data gathering; this 'jumping to conclusions' (JTC) bias may be considered a promising candidate endophenotype of psychosis (see reviews by Garety and Freeman, in press; Freeman, 2007; Fine et al., 2007) . A tendency to use fewer data to reach a decision is held to contribute to delusion formation and persistence; thus, it is proposed that anomalous or ambiguous information is rapidly appraised and a delusional conclusion drawn, on the basis of limited evidence, and without a thorough consideration of alternatives.
Reduced data gathering in individuals with delusions has been repeatedly demonstrated using probabilistic reasoning tasks based on a Bayesian model of probabilistic inference (Garety et al., 1991; Dudley et al., 1997; Moritz and Woodward, 2005; Peters and Garety, 2006; van Dael et al., 2006; Menon et al., 2008; Peters et al., 2008) . Approximately 40% of people with delusions jump to conclusions (JTC) on an easy version of the task-that is demonstrate an extreme data gathering bias (Garety et al., 2005) . The JTC bias has been replicated widely, using various modifications of the basic paradigm, not only in people with delusions, but also in people who have recovered from delusions, people at risk of delusions, and people with delusion proneness in the general population (see recent reviews Garety and Freeman, in press; Freeman, 2007; Fine et al., 2007) . JTC is not changed by antipsychotic medication (Peters and Garety, 2006; So et al., 2012) but has been shown, in first episode psychosis, both to moderate the short-term response to anti-psychotic treatment and to predict longer term outcome over two years (Dudley et al., in press) , such that those with JTC showed poorer outcomes. It may therefore serve as a marker of treatment response. Accordingly, psychological interventions which attempt to modify JTC have started to emerge in the literature .
Possible mechanisms for the JTC bias
JTC is a data-gathering bias, but other reasoning mechanisms contributing to it are not yet clear, and a wide variety of proposals have been made. Some hypotheses involve motivation, affect, specifically anxiety or further thinking biases, for all of which, at present, the evidence is inconclusive, while others invoke neurocognitive deficits (Fine et al., 2007; Freeman, 2007; Merrin et al., 2007; So et al., 2008; Lincoln et al., 2010; Lunt et al., 2012) .
The probabilistic reasoning task involves a process of data gathering and decision making which includes holding in mind and updating bead sequences (working memory). This executive function could, therefore, contribute to JTC. Furthermore, JTC may be viewed as an intermediate 'resource sparing strategy' (Beck and Rector, 2005) , which would also justify the investigation of working memory processes, since they serve to manage the control of attentional processes (Baddeley, 2000; Burgess and Simons, 2005) and, like data gathering biases, are associated with decisiveness and functioning in real life (Green, 1996; McKay et al., 2007) .
The evidence with respect to neurocognition is quite limited. Broome et al. (2007) found an association of JTC with impaired working memory, and Young and Bentall (1995) noted that patients with delusions have difficulty processing sequential information. More recently, Bentall et al. (2009) , using structural equation modeling, found that JTC appeared to be related to paranoia via a cognitive functioning factor, which was partially composed of tests they considered to reflect executive functioning, including a test of working memory (backward digit span). Woodward et al. (2008) found that JTC was associated with executive functioning (rule extraction). However, other studies linking JTC with memory or other cognitive impairments, including impulsivity, have been inconclusive (e.g., Dudley et al., 1997; Moritz and Woodward, 2005; Langdon et al., 2008; van Hooren et al., 2008; Lunt et al., 2012; Ormrod et al., 2012) .
The relationship of JTC to the well-attested cognitive impairments of schizophrenia is therefore uncertain. Although working memory deficits are very well established as related to schizophrenia (e.g., Horan et al., 2008; Ventura et al., 2009) , it should be noted that JTC differs from cognitive impairments in schizophrenia in that, unlike them, it is specifically related to delusional symptoms. The accumulating evidence of a possible relationship of JTC with working memory suggests that this should now be investigated systematically.
Aim and hypothesis
The aim of the study was to test the hypothesis that the jumping to conclusions bias is related to deficits in working memory in people with psychosis and current delusions, using standard well-validated tests. We also investigated whether JTC is related to other domains of cognitive functioning, specifically processing speed and verbal learning, as these are also commonly impaired in schizophrenia. Premorbid IQ was additionally estimated as an index of general cognitive ability.
Methods

Participants
The participants were drawn from a cohort of one hundred and sixty individuals with current delusions and a schizophrenia-spectrum disorder recruited from mental health services in London and Norfolk, UK, for studies involving experimental randomized investigations of interventions to improve delusions. The current study reports on baseline prerandomization data only. Inclusion criteria were a diagnosis of schizophrenia, schizoaffective or delusional disorder; a current delusion held with at least 50% self-rated conviction; aged 18 to 65 years; and fluency in English. Individuals were excluded if they had a primary diagnosis of alcohol or substance dependence, organic syndrome or learning disability or a profound visual impairment. Of the 160 participants in the cohort, 34 participants were excluded from the current study because of additional factors considered to invalidate the neuropsychological test results (English reported to be a second language (n = 15); participants with premorbid IQ score below 70 (n = 15); and participants with self-reported dyslexia (n = 4)). The final sample therefore comprised 126 participants with current delusions.
Design and procedure
The study was cross sectional. In order to test our hypotheses of a relationship between JTC and impaired performance on the neuropsychological tests, the sample was grouped by whether they displayed the JTC bias. Trained assessors administered all the clinical assessments and the neuropsychological tests.
Measures and tasks
2.3.1. Psychotic symptoms: the Scale for the Assessment of Positive Symptoms (SAPS) and the Scale for the Assessment of Negative Symptoms (SANS)
The SAPS and SANS are widely used and well-validated semistructured interviews designed to assess positive and negative psychopathology over the past month (Andreasen, 1984a,b) . For the current study, the global ratings were summed to create a total score for each measure.
Depression and anxiety: the Beck Depression Inventory (BDI-II) and the Beck Anxiety Inventory (BAI)
The BDI-II is a self-report scale designed to assess symptoms of depression occurring over the past 2 weeks (Beck et al., 1996) . The Beck Anxiety Inventory is a self-report scale, for the assessment of anxiety over the previous week (Beck et al., 2008) . Both scales have been used in many studies with patients with psychosis. We used the total scores.
Reasoning: jumping to conclusions-probabilistic reasoning task
Two computerized versions of the probabilistic reasoning (Beads) task, with 85:15 (easy) and 60:40 (difficult) task ratios, were used (Garety et al., 2005) . For example, for the easy version of the task, one jar had 85 orange beads and 15 black beads and the other jar had 15 orange beads and 85 black beads. Participants were shown pictures of the two jars and told that one of the jars would be selected at random by the computer and that beads would be drawn from and replaced in the selected jar. After each bead was drawn, participants were asked if they would like to see more beads (i.e., if they would like more information) or if they could say, with certainty, from which of the jars the beads were being drawn. Once a bead had been drawn, it was shown at the bottom of the screen, thereby providing a memory aid. The key variable was the number of beads requested by the participant before making a decision (draws to decision). Jumping to conclusions (JTC) was classified as requesting two or fewer beads.
Neuropsychological tests: Weschler Test of Adult Reading (WTAR),
Rey Auditory Verbal Learning Task (RAVLT); and WAIS III subtests: (Digit Span, Digit Symbol, Letter-Number Sequencing)
Premorbid IQ was estimated using the Weschler Test of Adult Reading (WTAR; Wechsler, 2001) . Verbal learning was measured using the Rey Auditory Verbal Learning Task (RAVLT; Lezak, 2004) in which participants are read out a list of 15 nouns, repeated 5 times, and asked to recall as many as possible immediately after each list. The verbal learning score is the sum of the words recalled on each of the 5 trials. Processing speed was measured using the Digit Symbol Coding subtest of the WAIS III (Wechsler, 1997) . Participants are shown a key in which numbers 1-9 are each associated with a geometric symbol; they are then given a series of numbers and asked to copy the corresponding symbol under each one. The number of correct number-symbol pairs completed in 120 s is the processing speed score. Working memory was assessed with two subtests of WAIS III. In the Digit Span test participants are read a series of numbers and asked to repeat them in the correct order; the series increases progressively in length until the participant fails. This is then repeated with a different series of numbers but the response is this time requested in reverse order. Digit span forwards, the maximum length of numbers achieved, reflects working memory capacity, whereas digit span backwards, the maximum length of numbers given in reverse, additionally reflects the ability to manipulate items in working memory. Letter-Number Sequencing is a stringent test of working memory manipulation. A series of letters and numbers is read out in a mixed order. The participant is asked to repeat the series but to give the numbers in ascending order first and the letters in alphabetical order next. The score is the list length correctly manipulated.
Analysis
All analyses were carried out using Stata version 12.1 (StataCorp., 2011). All significant test results are quoted as two-tailed probabilities. Analysis of the data distribution of the neuropsychological test results indicated that skewness and kurtosis were within acceptable limits, and the sample size is large enough to assume normality. T-tests were used to compare neuropsychological test performance and symptom scores between individuals with delusions who did and did not show the jumping to conclusions bias.
Results
Participants
Of the 126 individuals in the final sample, 106 (85%) met OPCRIT criteria for an ICD-10 diagnosis of schizophrenia, a further 10 (8%) for schizoaffective disorder, 7 (5.5%) for delusional disorder and the remaining 1 person for 'other non-organic psychotic disorder.' Their mean age was 41.2 years (SD = 11.3), while their mean length of illness was 15.3 years (SD 10.6). Sixty-four percent of the participants were male, 66% were white and 93% were currently unemployed. Thirteen (11%) were currently unmedicated, while 23 (19.5%) were on low (b 200 mg), 28 (24%) on medium (200-400) and 54 (46%) on high (N 400 mg) doses of chlorpromazine equivalent anti-psychotic medication. Ninety-two percent (n = 115) held persecutory delusions, which co-occurred with a wide variety of other delusion types, most frequently ideas of reference (n = 74) and delusions of mind reading (n = 63). Of the ten participants without a persecutory belief, the most common delusion types were religious (n = 4), reference (n = 4) and thought insertion (n = 3) or broadcasting (n = 3), some in combination. The mean reported level of delusion conviction was high at 80.5%, where 100% represented maximum conviction (SD 24.2). Mean symptom scores were as follows: positive symptoms (SAPS), 8.49 (SD 2.9); negative symptoms (SANS), 8.7 (SD 4.1); depression (BDI), 24.8 (SD 13.3); and anxiety (BAI), 20.8 (SD 12.5).
Jumping to conclusions and neuropsychological functioning
The mean number of draws to decision for the whole sample on the easy (85:15) version of the task was 4.33 (SD = 4.40) and on the harder (60:40) version, 7.22 (SD = 5.66).
The total sample was divided into those who jumped to conclusions and those who did not on each version of the task (defined as two or fewer draws to decision). Forty-one percent had the JTC bias on the easy and 27% on the hard version. Performance on the test of premorbid IQ (WTAR) and the neuropsychological tests is shown in Table 1  (JTC 85:15) and Table 2 (JTC 60:40) .
There were no differences in premorbid IQ between those who jumped to conclusions and those who did not. When the JTC group was defined by the more difficult (60:40) version of the task, those who jumped to conclusions performed significantly worse (p values b0.05) on tests of working memory (Digit Span total and forwards, and Letter-Number Sequencing) and also at trend level (p = 0.09) on Digit Span backwards. Those with the JTC bias on the easy (85:15) version likewise performed more poorly on the tests of working memory (Digit Span total and backwards, and Letter-Number Sequencing), but at trend level (0.05 b p values b0.1). Both JTC (easy and hard) groups showed poorer performance on the Rey test of verbal learning and memory (RAVLT), but this failed to reach significance (0.05 b p values b0.1). In order to explore whether working memory contributed to the (non-significant) difference between the groups in performance on this test, we ran a further analysis, in which we controlled for digit span forwards and letter-number sequencing. While there was no evidence for a contribution from digit span forwards, there was an effect of letter-number sequencing. The mean differences were very little changed by adding in digit span forwards as a covariate, and digit span itself was not a significant predictor of RAVLT. However, letter- number sequencing had an impact, reducing the effect of JTC on the mean differences and significantly predicting RAVLT (see Tables 1 and  2) . A check on whether JTC performance differed by current level of medication (none, low, medium or high dosage) found no differences on either version of the task. Finally, whatever the version of the task, there were no differences between those who jumped to conclusions and those who did not in total positive and negative psychotic symptom scores (SAPS and SANS), in the SAPS global severity of delusions rating or in depression or anxiety (BDI and BAI) (see Tables 1 and 2 ). However, those who jumped to conclusions on the 85:15 version, but not the 60:40 version, scored significantly more highly than those who did not on a sum of all SAPS delusions items (see Tables 1 and 2 ).
Discussion
We set out to examine the association of jumping to conclusions and working memory in the largest sample of individuals with high conviction delusions tested on these measures to date. The performance of the JTC groups was worse on the majority of tests of working memory than that of their non-JTC counterparts, although this was only significant when JTC group membership was determined from the more difficult version of the task, which has higher working memory processing demands. Patients in the JTC group were more impaired in the ability to hold information transiently on line and even more so, when performing complex manipulation of information by reordering it while it is maintained in memory. The effect sizes are generally small to medium (see Tables 1 and 2 ). The groups allocated using the JTC hard version were well matched for other prominent indicators of cognitive dysfunction in schizophrenia-premorbid IQ and processing speed. Verbal learning is also commonly impaired in schizophrenia, and there was a non-significant trend for the JTC group to be worse on this measure. Further analysis revealed that this was accounted for by working memory manipulation (letter-number sequencing) but not working memory span (digit span forwards). This finding is consistent with the known importance of executive processes in optimising memory encoding (Fletcher and Henson, 2001 ) and previously shown to be impaired in the RAVLT in schizophrenia (Leeson et al., 2009) . The pattern of neuropsychological test results and the absence of a significant difference in premorbid IQ supports the hypothesis that JTC is associated with a specific working memory deficit.
How can these findings of an association of neuropsychological impairment with a delusion-related process (JTC) be reconciled with previous studies, including large well-conducted meta-analyses and systematic reviews, showing no association between cognitive impairment and the positive symptoms of psychosis (e.g., de Gracia Dominguez et al., 2009; Ventura et al., 2009) ? Note that, unlike many studies, this is a sample selected for the presence of delusions held with high conviction. We propose that these neuropsychological impairments are involved in the formation of delusions, through their contribution to a jumping to conclusions bias. The hypothesised mediating role of JTC, combined with the relatively subtle neuropsychological impairments involved, may go some way to explaining the hitherto limited evidence for neuropsychological impairments in relation to delusions. Bentall et al. (2009) , likewise adopting a single symptom approach, found an association of delusional thinking with cognition, specifically on measures of JTC and working memory. The association with working memory is also consistent with that reported by Broome et al. (2007) .
One purpose of this study is to inform attempts to develop effective non-pharmacological treatments for delusions, such as recent reasoning training interventions (Moritz et al., 2011; Ross et al., 2011; Waller et al., 2011) . One of its implications is that such interventions might benefit from incorporating explicit strategies to compensate for any deficits and to enhance working memory. The interventions could be designed explicitly to reduce working memory load, for example by employing repetition/over-learning of key messages, simplified language and memory prompts. These might also draw on cognitive remediation methods, especially those which promote strategy coaching (McGurk et al., 2007) . However they would be specifically targeted at awareness of a tendency to employ minimal cognitive resources, and at using strategies to compensate for this, enhancing data gathering and the evaluation of delusion-related evidence, for example, keeping disconfirmatory evidence for persecutory fears in mind.
Our sample was a selected group of people with delusions held with high conviction and relatively long-standing illnesses. Over 90% had persecutory delusions. This study was not designed to test associations of data gathering with delusions, since the presence of delusions was universal. In this sample, global severity of delusions did not differ in those who did and did not jump to conclusions, though there were indications that those who showed the JTC bias had a higher total number of delusions than those who did not. Research with samples drawn from different stages of illness, including at risk, early and treatment resistant groups and with a greater range in symptomatology, including those with and without delusions, and with different delusion subtypes, is required to replicate and extend these findings. Future research should aim to elucidate the complex relationships between data gathering, working memory and delusions in psychosis. Greater clarity about the neuropsychological impairments associated with the JTC bias should also pave the way for theoretically grounded studies investigating neurobiological mechanisms of JTC, for example, using neuroimaging (e.g., Broome et al., 2007) . The funding sources took no further part in the study.
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